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(57) ABSTRACT 

An image processing method for correcting pixel values of 
each pixel constituting color image data by shifting, in a 
coordinate system, a mathematical correction function de?n 
ing correction values for input values. The method includes 
the computer-implemented steps of: (1) determining a maxi 
mum value and a minimum value among correction values of 
respective color components obtained for each pixel by using 
said correction function and then calculating differences 
betWeen the respective correction values of the respective 
color components and said minimum value and calculating 
also a difference betWeen said maximum value and the mini 
mum value; (2) dividing the calculated differences betWeen 
the respective correction values of the respective color com 
ponents and the minimum value by the calculated difference 
betWeen the maximum value and the minimum value, thereby 
to obtain color ratios for the respective color components; (3) 
judging, as an inappropriate pixel, any pixel having a correc 
tion value over?owing from a predetermined maximum out 
put gradation value and setting the over?owing correction 
value to the predetermined maximum output gradation value 
and judging also, as an inappropriate pixel, any pixel having 
a correction value under?oWing from a predetermined mini 
mum output gradation value and setting the under?oWing 
correction value to the predetermined minimum output gra 
dation value; and (4) effecting color balance adjustment so as 
to cause the correction values of the inappropriate pixel to 
agree With said respective color ratio thereof. 

10 Claims, 15 Drawing Sheets 
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CONVERSION CORRECTING METHOD OF 
COLOR IMAGE DATA AND PHOTOGRAPHIC 
PROCESSING APPARATUS IMPLEMENTING 

THE METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a correction technique for 

use in conversion of color image data received from an input 
device into color image data adapted for an output device. 

2. Description of the Related Art 
In the ?eld of photographic processing, in general, input 

color image data obtained by reading an image on a photo 
graphic ?lm by eg a scanner has a greater gradation range 
(greater color depth) than output color image data (to be 
outputted for monitor display, printing etc.) For instance, 
12-bit input color image data (hereinafter, referred to as 
“input image data” When appropriate) is generally subjected 
to a bit conversion into 8-bit output color image data (here 
inafter, referred to as “output image data” When appropriate). 

The greater gradation range of the input image data than the 
output image data is provided for the folloWing reasons. 
Namely, the negative ?lm is provided With a very Wide den 
sity descriptive range and it is desired to render this Wide 
range of density information of the negative ?lm into data 
having maximum ?delity thereto. Conversely, the gradation 
range of the output image data is adapted to the color devel 
opment characteristics of the print paper. And, the very Wide 
density descriptive range of the negative ?lm is provided for 
making an appropriate photography possible even With a 
simple inexpensive camera (e.g. one-use camera) Without 
exposure adjustment function, thereby to facilitate photogra 
phy by an unskilled or inexperienced amateur photographer. 

Further, in case the bit conversion is effected for converting 
the input image data into the output image data, in order to 
alloW the gradation change in the input image data to be 
reproduced as it is in the output image data, a mathematical 
function such as one shoWn in FIG. 4 is employed for directly 
converting the gradation in the distribution range of the input 
image data into the gradation of the output image data, 
thereby to effect conversion from the 12-bit data into 8-bit 
data. 
On the other hand, by effecting various processing on the 

digital image data, it is possible to correct the density or color 
depth of an image to be reproduced from the output image 
data (see e. g. Japanese Patent Application “Kokai” No.1 Hei. 
11-331596 and Japanese Patent Application “Kokai” No.: 
2002-44422). In this respect, there are a variety of techniques 
currently available for the density correction to be effected on 
the digital image data. One commonly employed method is 
shifting the position of the mathematical function (referred to 
as “correction function” hereinafter). For instance, if it is 
desired to obtain a greater density for an entire output image 
to be obtained from a correction function shoWn in FIG. 4, the 
density correction is made after shifting the correction func 
tion to the right as illustrated in FIG. 5. With this shifting of 
the function, output gradation to be obtained from each input 
gradation can be adjusted, so that output image data of a 
variety of densities can be obtained from a single input image 
data. 

With the above-described density correction, hoWever, as 
also illustrated in FIG. 5, Within the possible distribution 
range of the input image data, it is possible that some input 
gradation values thereof may be converted into correction 
values Which deviate from the possible range of the output 
gradation values. That is, in the correction function shoWn in 
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2 
FIG. 5, normal or appropriate values cannot be outputted 
from those input gradation values corresponding to the por 
tions denoted With bold line segments. Namely, When the 
correction function is shifted as described above, the correc 
tion value cannot be outputted as it is as a gradation value if 
this correction value over?ows from a maximum output gra 
dation value or under?oWs from a minimum output gradation 
value. 

Therefore, the digital image data cannot be obtained unless 
all correction values over?owing from the possible output 
gradation range are forcibly converted into the same maxi 
mum output gradation value (into 255 in the case of 8 bit data) 
and all correction values under?oWing from the possible out 
put gradation range are forcibly converted into the same mini 
mum output gradation value (0) (this process Will be referred 
to as “chopping” hereinafter). In this, in the conversion of the 
input image data into the output image data by suing the 
above-described correction function, if the chopping is 
effected for digital image data of at least one color compo 
nent, the chopping may result in disturbance or loss of the 
original color balance among the output image data of the 
respective color components. 

For example, let us noW suppose that the above-described 
correction function is a linear function having a positive pro 
portional constant and this function is used in bit conversion 
of one pixel data (one set of pixel color values) of 12-bit input 
image data: (B, G, R):(200, 250, 300) into 8-bit output image 
data. This case Will be described next. 

(a) in case the position of the correction function is set to 
cause an input gradation value:200 to correspond to a maxi 
mum output gradation value:255: 

With the above correction function, there are obtained cor 
rection values of: (b, g, r):(255, 305, 355). In this, hoWever, 
g:305 and F355, respectively are out of the possible output 
range of gradation values. Hence, the above-described chop 
ping is effected for g:305 and F355, respectively. With this, 
the output gradation values of: (B, G, R):(255, 255, 255) are 
eventually obtained. Accordingly, the original color balance 
is disturbed in the output image data. 

(b) in case the position of the correction function is set so as 
to cause the input gradation value:250 to correspond to a 
maximum output gradation value:255: 

With the above correction function, there are obtained cor 
rection values of: (b, g, r):(205, 255, 300). In this, hoWever, 
1:300 over?oWs from the possible output range of gradation 
values. Hence, the chopping is effected for this 1:300. With 
this, the output gradation values of: (B, G, R):(205, 255, 255) 
are eventually obtained. Again, the original color balance is 
disturbed in the output image data. 

(c) in case the position of the correction function is set so as 
to cause the input gradation value:300 to correspond to a 
maximum output gradation value:255: 

With the above correction function, there are obtained cor 
rection values of: (b, g, r):(l55, 205, 255). In this case, the 
respective correction values are con?ned Within the possible 
output gradation range. Hence, no chopping is effected. 
Therefore, the output gradation is (B, G, R):(l55, 205, 255) 
and the original color balance is maintained. 
As described above, if a correction value obtained from 

input image data of at least one color component of B, G, R is 
converted to a maximum output gradation value or a mini 
mum output gradation value through the chopping, there 
occurs of loss or disturbance in the color balance. 

Another problem may occur in the course of the conversion 
of color image data during a photographic processing as 
described next. In general, in image data obtained from a 
photographic ?lm, a CD-ROM or the like, each pixel data is 
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described in the RGB color system. However, its image qual 
ity adjustment is effected in such a manner that the hue and the 
luminance is varied independently of each other. Hence, if 
such adjustment is effected in the RGB color system, the 
respective color components need to be adjusted with main 
taining good balance among them. Therefore, this adjustment 
operation tends to be extremely dif?cult. For this reason, 
according to a generally practiced technique, for the image 
quality adjustment, the image data described in the RGB 
color system are converted into a different color system such 
as the YCC color system (color space) which allows easier 
image quality adjustment and the image quality adjustment is 
effected in that different color space. Upon completion of the 
adjustment in the YCC color space for instance, the image 
data is then reversely converted into the RGB color system to 
be outputted, that is, to be exposed on a print paper or dis 
played on a monitor. 

However, in the case of the RGB color system describing in 
the gradation range of 0~255, depending on the amount of 
adjustment made in the YCC color space, it may happen that 
a post-conversion value of a color component constituting the 
pixel data may become e. g. 280 over?owing from the maxi 
mum gradation value of 255 or may become eg —30 under 
?owing from the minimum gradation value of 0, such that the 
pixel data reversely converted into the RGB color system may 
not be ?tted within the predetermined gradation range. 

In the case of the conventional photographic processing 
apparatus, the chopping is effected. Namely, for pixel data 
over?owing from the maximum gradation value, the value of 
the over?owing color component is forcibly set to the maxi 
mum value of 255 of the gradation range or for pixel data 
under?owing from the minimum gradation value the value of 
the under?owing color component is forcibly set to the mini 
mum value of 0 of the gradation range. 

With the above-described chopping, however, for instance, 
color image data: (R, G, B):(280, 240, 150) are “corrected” to 
color image data: (R, G, B):(255, 240, 150). Therefore, in 
this case too, there occurs disturbance in the color balance 
before and after the correction. And, this results in change in 
the hue originally present in the image data, thus inviting 
reduction in the color reproducibility. 

SUMMARY OF THE INVENTION 

In view of the above-described state of the art, one object of 
the present invention is to provide an image processing tech 
nique capable of preventing loss or disturbance in the original 
color balance in output image data to be obtained after input/ 
output conversions of color image data using a mathematical 
correction function shifted in a coordinate system. Another 
object of the present invention is to provide an image process 
ing technique according to which a pixel value over?owing 
from a predetermined gradation range as a result of color 
image data conversion can be con?ned within the predeter 
mined gradation range while restricting disadvantageous 
reduction in the color reproducibility. 

For accomplishing these objects, according to one aspect 
of the present invention, in an image processing method for 
correcting pixel values of each pixel constituting color image 
data by shifting, in a coordinate system, a mathematical cor 
rection function de?ning correction values for input values, 
the method comprises the computer-implemented steps of: 

(l) determining a maximum value and a minimum value 
among correction values: b, g, r of respective color compo 
nents obtained for each pixel by using said correction func 
tion and then calculating differences: Ab, Ag, At between the 
respective correction values of the respective color compo 
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4 
nents and said minimum value and calculating also a differ 
ence: DR between said maximum value and said minimum 

value; 
(2) dividing said calculated differences Ab, Ag, Ar between 

the respective correction values of the respective color com 
ponents and said minimum value by said calculated differ 
ence: DR between said maximum value and said minimum 
value, thereby to obtain color ratios: Cb, Cg, Cr for the respec 
tive color components; 

(3) judging, as an inappropriate pixel, any pixel having a 
correction value over?owing from a predetermined maxi 
mum output gradation value and setting said over?owing 
correction value to said predetermined maximum output gra 
dation value and judging also, as an inappropriate pixel, any 
pixel having a correction value under?owing from a prede 
termined minimum output gradation value and setting said 
under?owing correction value to said predetermined mini 
mum output gradation value; and 

(4) effecting color balance adjustment so as to cause the 
correction values of said inappropriate pixel to agree with 
said respective color ratio thereof. 
With this image processing method, the pixel values of 

each pixel constituting the color image data are corrected by 
shifting the correction function in the coordinate system. In 
this, depending on the amount of this shifting of the correc 
tion function, the correction value may deviate from the pre 
determined output gradation range (the gradation range of 
0~255 in the case of 8-bit color data). Then, for an inappro 
priate pixel, i.e. a pixel having a pixel value deviated from the 
output gradation range as the result of the density correction 
using the shifted correction function, a density correction 
(color balance adjustment) is made for maintaining the same 
original color balance by the method of the present invention 
in the following manner. First, by using the differences: Ab, 
Ag, Ar and the difference: DR, the color ratios: Cb, Cg, Cr are 
obtained. Then, if the correction value determined by the 
correction function over?ows from the maximum output gra 
dation value, the corresponding pixel value is set to the maxi 
mum output gradation value and the other pixel values are set 
in accordance with the corresponding color ratios obtained in 
advance. Similarly, if the correction value determined by the 
correction function under?ows from the minimum output 
gradation value, the corresponding pixel value is set to the 
minimum output gradation value and the other pixel values 
are set in accordance with the corresponding color ratios 
obtained in advance. With this, the density correction can be 
made with maintaining the original color balance unchanged. 

Speci?cally, if the correction value of at least one color 
component over?ows from the maximum output gradation 
value, in the color balance adjusting step, sums of said mini 
mum value and respective product values obtained by multi 
plying the differences: Ab, Ag, Ar by the color ratios: Cb, Cg, 
Cr can be used as the respective ?nal pixel values. And, if the 
correction value of at least one color component under?ows 
from the minimum output gradation value, in the color bal 
ance adjusting step, the product value obtained by multiply 
ing the maximum value by its color ratio can be used as its 
?nal pixel value. 

In the above, the color component whose correction value 
has the maximum value provides the color ratio of 1. Hence, 
the pixel value set in the color balance adjusting step will 
become equal to the maximum output gradation value. On the 
other hand, the color component whose correction value has 
the minimum value, its color ratio is 0. Hence, the pixel value 
set in the colorbalance adjusting step will become equal to the 
minimum output gradation value. In these ways, if the cor 
rection value relating to at least one color component over 
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?ows from the maximum output gradation value, that is, for 
an inappropriate pixel, the correction value having the maxi 
mum value will be set to the maximum output gradation value 
and for the correction value having the minimum value will be 
set as it is to the minimum output gradation value and also the 
correction value having neither the maximum value nor the 
minimum value will be set to a value adjusted by the color 
ratio based on the minimum value. Conversely, in the case of 
the other type of inappropriate pixel, namely, if the correction 
value relating to at least one color component under?ows 
from the minimum output gradation value, its correction 
value having the minimum value will be set to the minimum 
output gradation value, and its correction value having the 
maximum value will be set as it is to the maximum output 
gradation value. Hence, in the case of either type of inappro 
priate pixel, the pixel will be given pixel values maintaining 
the original color balance unchanged. 

According to a further aspect of the present invention, in an 
image processing apparatus for correcting pixel values of 
each pixel constituting color image data by shifting, in a 
coordinate system, a mathematical correction function de?n 
ing correction values for respective input values, for accom 
plishing the above-noted object, the apparatus comprises: a 
color balance adjustment section for adjusting color balance 
of the corrected image data, the color balance adjustment 
section including a calculating section, a judging section and 
a gradation value determining section; 

wherein said calculating section is operable to determine a 
maximum value and a minimum value among correction 
values: b, g, r of respective color components obtained for 
each pixel by using said correction function and then to cal 
culate differences: Ab, Ag, Ar between the respective correc 
tion values of the respective color components and said mini 
mum value and calculate also a difference: DR between said 
maximum value and said minimum value; said calculating 
section is further operable to divide said calculated differ 
ences Ab, Ag, Ar between the correction values of the respec 
tive color components and said minimum value by said cal 
culated difference: DR between said maximum value and said 
minimum value, thereby to obtain color ratios: Cb, Cg, Cr for 
the respective color components; 

said judging section is operable to judge, as an inappropri 
ate pixel, any pixel having a correction value over?owing 
from a predetermined maximum output gradation value and 
set said over?owing correction value to said predetermined 
maximum output gradation value and to judge also, as an 
inappropriate pixel, any pixel having a correction value 
under?owing from a predetermined minimum output grada 
tion value and set this under?owing correction value to said 
predetermined minimum output gradation value; and 

said gradation value determining section effects color bal 
ance adjustment so as to cause the correction values of said 
inappropriate pixel to agree with said respective color ratio 
thereof. 

It should be apparent the apparatus having the above-de 
scribed construction can provide the same functions/effects 
as provided by the image processing method of the invention 
described above. 

According to a still further aspect of the invention, in an 
image processing apparatus for outputting image data con 
sisting of a plurality of image data described in the RGB color 
system in a predetermined gradation range, for accomplish 
ing the above objects, the apparatus comprises: a conversion 
section for converting the image data described in the RGB 
color system into a different color system for image quality 
adjustment; an image quality adjustment section for effecting 
image quality adjustment on the image data converted into the 
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6 
different color system for image quality adjustment; a reverse 
conversion section for reverse converting the image quality 
adjusted image data back into the RGB color system; a color 
balance adjustment section; and a judging section for judging 
whether pixel values of each pixel constituting the reverse 
converted image data are con?ned within said predetermined 
gradation range or not; 

wherein for each pixel judged as being out of said prede 
termined gradation range by said judging section, said color 
balance adjustment section is operable effect a predetermined 
calculation on pixel values of the respective color compo 
nents included in that pixel thereby to cause the pixel values 
thereof to be con?ned within said predetermined gradation 
range and said color balance adjustment section is further 
operable to adjust said pixel values of said pixel in such a 
manner as to ?xedly maintain a ratio among the pixel values 
of the respective color components based on the minimum 
value among said pixel values. 

With this construction, the image data described in the 
RGB color system are converted into a different color system 
for their image quality adjustment. Then, these image quality 
adjusted data are converted back into the RGB color system. 
In this, any pixel data deviated from the predetermined gra 
dation range as the result of the adjustment is subjected to the 
adjustment by the color adjustment section after the reverse 
conversion, such that a ratio among the pixel values of the 
respective color components may be maintained the same 
before and after the adjustment based on the minimum value 
among them. Therefore, in the pixel data for correction, the 
original hue is maintained as much as possible before and 
after the correction, whereby the color reproducibility may be 
improved. 

Preferably, the color balance adjustment section is oper 
able to ?xedly maintain also an average value of the pixel 
value of each color component contained in the pixel prior to 
the adjustment. With this construction, for a pixel which has 
obtained a pixel value out of the gradation range as the result 
of the reverse conversion to the RGB color system sub sequent 
to the image quality adjustment operation effected in the 
different color system for this image quality adjustment, the 
ratio of each pixel value as compared with the other pixel 
values based on the minimum value among the pixel values of 
the respective color components is adjusted to be maintained 
the same before and after the correction; and in addition to 
this, the average value of the color component too is main 
tained to be con?ned within the predetermined gradation 
range. As a result, in addition to the original hue, the original 
luminance too can be maintained. 
More speci?cally, the colorbalance adjustment section can 

be constructed such that when the judging section judges the 
maximum pixel value contained in the pixel as over?owing 
from the predetermined gradation range, this maximum pixel 
value is caused to agree with the maximum value of the 
predetermined gradation range. 

With this construction, a pixel over?owing from the pre 
determined gradation range as the result of the reverse con 
version to the RGB color system is corrected to be con?ned 
within the predetermined gradation range, thereby to mini 
miZe the gradation reduction. 

Similarly, a pixel under?owing from the predetermined 
gradation range as the result of the reverse conversion to the 
RGB color system is corrected to be con?ned within the 
predetermined gradation range, thereby to minimize the gra 
dation increase. 

Further, if the color balance adjustment section is operable 
to maintain the ratio and/or the average value of the pixel 
value of the pixel for adjustment, a pixel which over?ows 
























